COMPOSITE MEMBER COMPRISING BONDED DIFFERENT MEMBERS AND 
METHOD FOR MAKING THE COMPOSITE MEMBER 



Field of the invention and Related Art 
5 [00011 The present inventionrelateg 
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comprising bonded 

speg^rf^^lder material through solid phase bonding, and a 
W for making the composite member. 
(00021 There is a method of using a solder material^ 

bonding different members, for example, a ceramicb^and a 
metallic member. Ho»ever. during cooling oper^n in bonding 
them at high temperatures, thermal stres^ generated owing 
.o the difference in thermal expansip^oef ficient between the 
different members or between the^ber and the solder material 
Cr bonding these difj^nt members to cause separation 
.(the bonded interface/^r if one of the members is fragile. 
cracKs occur in the^cinity of the bonded interface and 
sometimes the dj^ed bonding strength or airtightness cannot 
be obtained./he products in which these defects are caused 
auring th/roductio„ steps must be disposed of as rejected 
product/and this results in increase of the production cost 
of th/e composite members. Moreover, if they are subjected 
to Zrmal cycles in use. the defects occur after use of a certain 
p/iod to cause deterioration of reliability of the products. 
[0003) When aifferentj||2!!bSES-axe-bona«d ns1m a soid« 

^terial. a msW-r^^lSl^^ly -ployed according to which the 
surfaeS^T^i^ ceramic base to be bonded is plated with a metal 
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such as Ni to ensure wetting between the ceramic base and^ 
solder material, then th^^^^^bers are disposed op^te to 
each other with a s^pd^^^^ce. the solder mate^ is poured 
into the spac^nd the members are bonded^here is another 
n.etho>aeco^ng to which an additive su^s Ti which can ensure 

C forming a reactive lay^f a nitride or an oxide 

on th^urf ace of the ceramic ba^s added to the solder material . 
witZut carrying out the^ting with a metal. However, in 
„ese methods, unless^e means are adopted for reducing the 
{hermal stress gen^ted at the bonded part, cracks are often 
formed on the sd^of the ceramic base which is fragile against 
thermal str^ or separation occurs at the bonded part to 
adversel^f ect various performances such as bonding strength 
and air4ghtness required for composite members . It is 
15 espeZally difficult to bond a member of low strength, such as 
I al^num nitride to a different member such as metallic material 

w/th inhibiting occurrence of the above problems. 
100041 in order to solve the above problems, there can be 

considered a method of bonding a base and a metallic member by 
20 liquid phase bonding with a solder material comprising only a 
™etal Of low proof stress such as Au which undergoes plastic 
deformation by a low stress. However, in the case of this method, 
if Ni. CO, Kovar or the like is used as the metallic member, 
the component (Fe, Ni, Co) diffuses into Au to cause increase 
25 of proof stress of the solder material, and as a result, the 
residual stress at the bonding cannot be completely absorbed 
hy the plastic deformation of the solder material, and cracks 
occur in the ceramic base at the finishing of bonding or due 
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to thermal cycle and thermal shock applied after the finishing 
of bonding. 

[00051 Furthermore, it is known that when Au-18Ni solder 

material and an electrical conductor (Mo) are bonded, Ni in the 
solder material reacts with Mo to form a fragile texture. 
Therefore, when use of them as members for high- temperature 
heaters is supposed, endurance characteristics are 
deteriorated when the bonded part is exposed to thermal cycle 
and thermal shock, and, furthermore, the bonded part is rapidly 

% 10 deteriorated. 

[0006] Moreover, when, for example. Kovar is used as the 

metallic member, the components constituting the Kovar (Fe, Ni, 
CO) diffuse into the solder material to form an intermetallic 
S compound layer of low electrical conductivity, which causes 

t 15 deterioration of thermal cycle characteristics and abnormal 
heat generation at that part. 

[00071 on the other hand, use of a metal which does not 

form solid solution with Au as the metallic member can also be 
considered, and W, Mo and the like can be mentioned as metallic 
20 materials which meet the requirement . However , these metallic 
materials are severely oxidized under high temperature 
conditions in the air. and cannot be used as metallic members 
for high- temperature heaters which are exposed to such 
conditions . 

25 [00081 For solving the above problems, it has been 

attempted to devise the bonding structure. For example, 
jP-A-10-209255 discloses a bonding structure of a ceramic base 
and a connector for power supply which have the structure shown 
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in FIG. 4 as a susceptor for disposing a semiconductor wafer. 
In FIG. 4. a hole 14 is provided in a ceramic base 1. In the 
hole 14. a metallic member 17 such as Mo is exposed which is 
previously embedded in the ceramic base 1 and has a thermal 
expansion coefficient approximate to that of the ceramic base 
1. Furthermore, a cylindrical atmospheric protector 9 is 
inserted in the hole 14. Inside the atmospheric protector 9, 
there are inserted a power supplying connector 16 and a low 
thermal expansion material 15 for stress relaxation. The 
atmospheric protector 9 and the connector 16 are airtightly 
bonded with a solder material 5. and the low thermal expansion 
material 15 and the atmospheric protector 9 are airtightly 
bonded with solder material 5 in respect to the metallic member 
17 . 

[0009] According to this bonding structure^^ 

thermal expansion material 15 and the metaJL^rfc^ember 17 are 
relajSlBdin residual stress at bondii^r'and , besides, oxidation 
Jf/the metallic member 17 su^hf^ Mo is inhibited by the 
Atmospheric protector 9^^^,^^, hence, even if bonding is 
performed using a solder material of high proof stress, such 
is above-mentione^u-t«Ni solder, cracks are not formed in the 
ceramic base 1 amending and furthermore endurance reliability 
is high in ca^ the bonded part is exposed to thermal cycle and 
thermal sl<ock at the time of using high -temperature heater. 
However/the above bonding structure suffers from the problems 
that /he number of parts increases, and very high production 
con1i4ol capacity is required because the metallic member 17 is 
de/eriorated due to oxidation unless the atmospheric protector 
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Furthermore, JP-A-11-278951 discloses a bond* 
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member and a bonding method in which for bonding a erosion 
resistant metal ring 23 such as of Kovar to ba^Js<side 22b of 
ceramic susceptor 22 in the ceramic basejidving a structure 
shown in FIG. 5, these member structu;!?^ are allowed to have 
the shapes as shown in FIG. 6 and^W. 7 for relaxation of the 
genei?&Jfe4d thermal stress. Tt^is, to allow the member 
st;9lictures to have these sji^es is effective for thermal stress 
:/laxation. but in the/case of the ceramic being fragile, the 
material chaiiges in properties due to dissolution of the 
inetallic member/in the method of bonding the metallic member 
and the ceramic base by melting the solder material as disclosed 
in the alMfve patent publication, and the effect to relax the 
therma/stress is insufficient with giving only such care for 
the landing structure as disclosed in the above patent 
pu^ication, resulting in troubles such as rupture of the 
leramic base . 

[0011] The present invention has been made in view of the 

problems in the conventional techniques . and the object is to 
provide a composite member and a method for making the composite 
member, according to which a ceramic base having both the 
thermal cycle characteristics and the thermal shock 
characteristics and a metallic member are bonded to each other. 

Summary of the Invention 

[0012] According to the present invention, there is 

provided a composite member made by bonding different members. 
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namely, a ceramic base and a metallic member, characterized in 
that an active metal foil is disposed on the surface of the 
ceramic base and a solder material comprising Au is disposed 
on the active metal foil, the active metal foil and the solder 
material are heated to form a bonding layer, the metallic member 
is disposed on the surface of the bonding layer, and these are 
pressed and heated to bond the bonding layer and the metallic 
member through solid phase bonding. 

[00131 Furthermore, according to the present invention, 

there is provided a composite member made by bonding different 
members, namely, a ceramic base and a metallic member, 
characterized in that an active metal foil is disposed on the 
surface of the ceramic base and a solder material comprising 
an Au-Ag alloy is disposed on the active metal foil, the active 
metal foil and the solder material are heated to form a bonding 
layer, the metallic member is disposed on the surface of the 
bonding layer, and these are pressed and heated to bond the 
bonding layer and the metallic member through solid phase 
bonding. In the present invention, it is preferred that the 
proportion of Ag contained in the Au-Ag alloy is 0.5-80 wt%. 
[0014] Moreover, in the present invention, it is preferred 

that an electrical conductor comprising Mo, W or an alloy of 
Mo and W is embedded in the ceramic base with a part of the surface 
of the electrical conductor being exposed to the exterior of 
the ceramic base, and that the material of the ceramic base is 
at least one member selected from the group consisting of 
aluminum nitride, silicon nitride, alumina, zirconia, magnesia, 
spinel, and silicon carbide. 
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[0015] In the present invention, it is preferred that the 

material of the metallic member is at least one metal selected 
from the group consisting of Ni, Co, Fe and Cr. and it is also 
preferred that the material of the metallic member is an alloy 
5 having as main constituting elements at least one metal selected 
from the group consisting of Ni, Co. Fe and Cr. 
[0016] Furthermore, in the present invention, it is 

preferred that the material of the active metal foil is at least 
5 one metal selected from the group consisting of Ti, Nb, Hf and 

I 10 Zr. The composite member made by bonding different members 
S according to the present invention is suitably employed as a 

m susceptor for disposing a semiconductor wafer, 

f [00171 On the other hand, according to the present 

invention, there is provided a method for making a composite 
member by bonding different members . namely, a ceramic base and 
3 a metallic member, characterized by including a first step of 

disposing an active metal foil on the surface of the ceramic 
base and a solder material comprising Au on the active metal 
foil and heating them to form a bonding layer comprising the 
solder material on the surface of the ceramic base, and a second 
step of disposing the metallic member on the surface of the 
bonding layer and pressing and heating them to bond the bonding 
layer and the metallic member through solid phase bonding. 
10018] In addition, according to the present invention, 

there is provided a method for making a composite member by 
bonding different members . namely, a ceramic base and a metallic 
member, characterized by including a first step of disposing 
an active metal foil on the surface of the ceramic base and a 
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solder material comprising an Au-Ag alloy on the active metal 
foil and heating them to form a bonding layer comprising the 
solder material on the surface of the ceramic base, and a second 
step of disposing the metallic member on the surface of the 
5 bonding layer and pressing and heating them to bond the bonding 
layer and the metallic member through solid phase bonding. In 
the present invention, it is further preferred to use an Au-Ag 
alloy in which the proportion of Ag is 0.5-80 wt% . 

0 100191 in the present invention, it is preferred to use 

1 10 a ceramic base in which an electrical conductor comprising Mo . 
I W or an alloy of Mo and W is embedded in the ceramic base with 

a part of the surface of the electrical conductor being exposed 
to the exterior of the ceramic base, and it is preferred to use 
h a ceramic base comprising at least one material selected from 

the group consisting of aluminum nitride, silicon nitride, 
alumina, zirconia, magnesia, spinel and silicon carbide. 
[0020] Furthermore, in the present invention, it is 

preferred to use a metallic member comprising at least one 
material selected from the group consisting of Ni. Co, Fe and 
cr. and it is also preferred to use a metallic member comprising 
an alloy having, as main constituting elements, at least one 
material selected from the group consisting of Ni, Co, Fe and 
Cr. 

[0021] In the present invention, it is preferred to use 

an active metal foil comprising at least one material selected 
from the group consisting of Ti, Nb, Hf and Zr. 
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[0022] 

FIG. l-(a) and (b)-schematically show a first 
embodiment of the method for making the composite member 
according to the present invention, and FIG. 1(a) shows the 
first step and FIG. 1(b) shows the second step. 

FIG.^{a) and (bi^sehematically show a second 
embodiment of the method for making the composite member 
according to the present invention, and FIG. 2(a) shows the 
first step and FIG. 2(b) shows the second step. 

FIG. 3 (a) and (b)^.chematicallY show another 
embodiment of «^e method for making the composite member 
according to the present invention, and FIG. 3(a) shows the 
^ first step and FIG. 3(b) shows the second step. 

FIG. 4^is a sectional view which shows one example 
of bonding structure of a susceptor (conventional one) for 
disposing a semiconductor wafer. 
^ FIG . 5 is4i sectional view which shows another example 

of bonding structure of a susceptor (conventional one) for 
disposing a semiconductor wafer. 

FIG. ej^ei partial sectional view which shows one 
example of bonding state (conventional) of a ring and a 
susceptor . 

FIG. 7 is"a partial sectional view which shows another 
example of bonding state (conventional) of a ring and a 

25 susceptor. , 

FIG. Sy/s a photograph of metallic texture and ceramic 
texture which are sectional structures of the composite member 
made in Example 1. 
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FIG. Vis an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Example 1. 

FIG. 10_is an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Example 1 after 
subjected to thermal cycle test. 

FIG. 11 is an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Comparative Example 
1. 

FIG. 12/is an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Comparative Example 
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FIG . 13 4 a photograph of metallic texture and ceramic 
texture which are sectional structures of the composite member 

made in Example 2. 

FIG. 14 S.^n enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Example 2. 

FIG. 15 J^an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Example 2 after 
subjected to thermal cycle test. 

FIG. 16 /s an enlarged photograph of metallic texture 
and ceramic texture which are sectional structures around the 
bonded part of the composite member made in Comparative Example 
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^'^''Description of Prgfg tl^ed biubudiiUtfuLS ul the invention 

[00231 The embodiments of the present invention will be 

5 explained below. These embodiments should not be construed as 
limiting the invention in any manner. 
[0024] FIG. 1(a) (b) are schematic views which 

first embodiment of the method for making th^^etJtfip^ite member 
by bonding different members of th^-'^resent invention 
(hereinafter>a:^f erred to as "5;0fnposite member") , and FIG. 1(a) 
shows the^^rst step an^IG. 1(b) shows the second step. In 
th^ijfst step, aiy^ive metal foil 4 and a solder material 
composing Au (^«(^^older material 5) are disposed so as to cover 
a Aramic b^ 1, followed by heating them to form a bonding 
15 4.ayer 6/ In the subsequent second step, a metallic member 7 
is disposed on the surface of the bonding layer 6 , and are bonded 
thybugh solid phase bonding by pressing and heating them, 
thereby making a composite member. 

[0025] The active metal foil 4 used in the first step is 

20 active for the ceramic base 1 and forms a reaction product layer 
at the interface of the ceramic base 1 and the Au solder material 
5. Therefore, wettability of the ceramic base 1 with the Au 
solder material is improved and the bonding layer 6 having 
satisfactory airtightness is formed. Furthermore, due to the 
25 formation of this reaction product layer, the metallic element 
constituting the active metal foil 4 is almost consumed at the 
interface and does not remain in the Au solder material 5, and, 
hence, the phenomenon of increase of proof stress value of the 
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Au solder material 5 does not occur. 

100261 Here, the first embodiment of the present invention 

is characterized by using the Au solder material. Au is a soft 
metal having low proof stress characteristics and can be a 
solder material having the feature of relaxing the thermal 
stress generated by thermal shock through plastic deformation. 
Accordingly, the composite member of the present invention made 
using the Au solder material is strong against thermal shock 
and improved in thermal cycle characteristics. 
[00271 Next, the second embodiment of the pr^S^nft 

invention will be explained. FIG. 2(a) (b)^ap.^inatic views 
which Show the second embodiment of^>h^thod for making the 
composite member the presentirp^on, and FIG. 2(a) shows the 
fir^t step and FIG. 2(b>^hSws the second step. In the first 
an active m^4^ff oil 4 and a solder material comprising 
m Au-Ag allp/Uu-Ag alloy solder material 10) are disposed 
sVas toiler a ceramic base 1. followed by heating them to 
form a/onding layer 6. In the subsequent second step, a 
metae^ic member 7 is disposed on the surface of the bonding layer 
e/and are bonded through solid phase bonding by pressing and 
iieating them, thereby making a composite member. 
[00281 The active metal foil 4 used in the first step is 

active for the ceramic base 1 and forms a reaction product layer 
at the interface of the ceramic base 1 and the Au-Ag alloy solder 
material 10 . Therefore , wettability of the ceramic base 1 with 
the Au-Ag alloy solder material 10 is improved and the bonding 
layer 6 having satisfactory airtightness is formed. 
Furthermore , due to the formation of this reaction product layer . 
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the metallic element constituting the active metal foil 4 is 
not dissolved in the Au-Ag alloy solder material 10 in the form 
of solid solution, and the phenomenon of increase of proof 
stress value of the Au-Ag alloy solder material 10 does not 
occur - 

[00291 Here, the second embodiment of the present 

invention is characterized by using the Au-Ag alloy solder 
material comprising Au and Ag vhich is added to the Au. Even 
When Ag is added to Au, since Ag has substantially no effect 
of hardening by dissolving in the form of solid solution, like 
the AU solder material, the Au-Ag alloy solder material can be 
a solder material having the feature of relaxing through plastic 
deformation the residual stress generated due to the bonding. 
Accordingly, the composite member of the present invention made 
using the Au-Ag alloy solder material is strong against thermal 
shock and good in thermal cycle characteristics. 
[0030] Furthermore , since an Au-Ag alloy solder material 

containing Ag in a given amount is used, the metallic elements 
constituting the metallic member which have high solid solution 
formability with Au, but substantially no solid solution 
formability with Ag, such as Ni, Co, Cr and Fe, are effectively 
prevented from dissolving in the solder material to form solid 
solution. Therefore, even when the composite member is used 
under the temperature conditions of 850-900t: or higher, the 
5 metallic element constituting the metallic member does not 
dissolve in the solder material in the form of solid solution 
to diffuse therein, namely, the low proof stress value of the 
bonding layer is not damaged, and thus a composite member having 



13 



10 



15 



20 



25 



high- temperature endurance can be provided. 

[0031] In the second embodiment of the present invention, 

the proportion of Ag contained in Au-Ag alloys used for bonding 
is preferably 0.5-80 wt%. more preferably 5-40 wt%. and 
especially preferably 10-30 wt%. This is because if the 
proportion of Ag is less than 0.5 wt%, the effect to inhibit 
the dissolution of metallic elements in the form of solid 
solution cannot be sufficiently exhibited, and if the composite 
member is used under high temperature conditions, the metallic 
elements constituting the metallic member dissolves in the 
solder material to form solid solution. The higher proportion 
of Ag causes increase of the effect to inhibit dissolution of 
the metallic elements in the form of solid solution. If the 
proportion of Ag exceeds 80 wt%. dissolution and diffusion of 
oxygen atom in the phase of solder material becomes conspicuous . 
and this is not preferred in case the present bonding method 
is applied to members which are used in oxidizing atmosphere. 
[0032] Furthermore, when materials bonded with the above 

solder material are used by passing an electric current 
therethrough, in the case of the proportion of Ag being more 
than 80 wt%, a migration phenomenon occurs and this is also one 
of restrictions in use. Moreover, when the material to be 
bonded is AIN (aluminum nitride). Mo which has a thermal 
expansion coefficient approximate to that of AIN is used 
preferably, for example, as a metal embedded as heater member, 
but an oxide of Mo forms a low-melting compound with Ag to become 
liquid, and this is also a restriction in use. 
[0033] Amount of the Au solder material or Au-Ag alloy 
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solder material used in the method for making the composite 
member according to the present invention varies depending on 
the shape of the bonded part, but may be such that the solder 
material can cover the disposed active metal foil and can be 
optionally adjusted within the range where the solder material 
can be molten by heating . Moreover , in order to reduce residual 
stress at the time of bonding, it is more preferred that the 
thickness is not less than 0.3 mm. Furthermore, the feature 
of the metals used as the solder material that the thermal stress 
is relaxed by plastic deformation is not damaged due to mixing 
® them, and in the case of using Au-Ag alloy solder material, it 

Wi is never precluded to use them in admixture as far as the effect 

to inhibit diffusion of the metallic element into the solder 
5 material which is imparted by the addition of Ag is not damaged. 

S 15 [0034] When AIN (aluminum nitride) is used as material for 

5 the ceramic base and Ti is used as the active metal foil, a thin 

film layer of TIN is formed at the interface between AIN and 
the solder material by heating them. In this case, all of Ti 
is consumed by the reaction with AIN, and, hence, Ti does not 
dissolve in the solder material in the form of solid solution 
and there is formed a bonding layer which maintains the low proof 
stress characteristics of the solder material. 
[0035] In the above-mentioned case, amount of Ti based on 

the Au solder material or Au-Ag alloy solder material is 
preferably 0.03-10 wt%, more preferably 0.1-2 wt%. If the 
amount is less than 0.03 wt%, failure in bonding may occur, and 
if it is more than 10 wt% , Ti remains in the solder material, 
resulting in cracking of AIN due to increase in proof stress 
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of the solder material. 

[0036] Furthermore, since solid phase bonding by pressing 

and heating is employed in the second step, the metal components 
constituting the metallic member can be prevented from 
dissolving in the bonding layer to form solid solution. 
Therefore, the heating temperature in the second step is 
preferably a temperature at which solid phase bonding can be 
performed, namely, a temperature lower than the melting point 
of the solder material. For example, in the case of using an 
Au solder material, the temperature is preferably TSO-lOOOt:, 
more preferably SSO-SSO'C. Furthermore, in the case of using 
an Au-Ag alloy solder material, the heating temperature is 
preferably a temperature lower by 50-200'C than the melting 
point of the solder material, namely, 750-lOOO'C, though it 
depends on the amount of Ag . Thus , there occurs no phenomenon 
of increase in proof stress value caused by dissolution of the 
metal components into the bonding layer which is a problem in 
liquid phase bonding of the conventional method. 
[0037] As mentioned above, since the composite member of 

the present invention is made through bonding steps comprising 
the first step and the second step, there can be provided a 
composite member which maintains the low proof stress 
characteristics of the Au solder material and Au-Ag alloy solder 
material forming the bonding layer and which is improved in 
reliability against thermal cycle and thermal shock. 
[0038] In the presentjjiveft*±cfTr; it is pre±erreu lhcil eiu 

,,.e*€ctricaljoeiidAlctor comprising Mo, W or an alloy of Mo and W 
/is^-^mbedded in the ceramic base in such a state that a part of 
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the surface of the electrical conductor is exposedto 
exterior of the ceramic base. FIG. 3 schematicAilf shows 
another embodiment of the method for making^«^omposite member 
according to the present inventioru^^in (a) shows the first 
step anO^ shows the second^P- An Mo mesh 2 and an 
ei^L^l conductor (Moj^disposed so as to be electrically 
corZcted to the Mo m^2 are embedded in the ceramic base 1. 
in/the first step/^active metal foil 4 and a solder material 
are dispose/io as to cover the surface of the ceramic base 
and that/f the electrical conductor (Mo) 3, followed by 
.eating 2em to form a bonding layer 6 . In the subsequent second 
s^^p/T metallic member 7 is disposed on the surface of the 
bonZng layer 6, followed by performing solid phase bonding by 
passing and heating them to make a composite member. 
[0039] The active metal foil 4 used in the first step is 

active for the ceramic base 1 and forms a reaction product layer 
at the interfaces between the ceramic base 1 and the solder 
material 11 and between the electrical conductor (Mo) 3 and the 
solder material 11. Accordingly, wettability of the ceramic 
20 base 1 with the solder material 11 is improved and 

simultaneously airtightness can be secured. As a result, the 
electrical conductor (Mo) 3 embedded in the ceramic base 1 is 
not exposed to the air. and. hence, oxidative deterioration of 
the electrical conductor hardly occurs. 
25 [0040] The - solder material" in FIG. 3(a) (b) may be either 

Au solder material or Au-Ag solder material. 
[0041] in the present invention, material of the ceramic 

base is preferably at least one selected from the group 
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consisting of aluminum nitride, silicon nitride, alumina, 
zirconia, magnesia, spinel and silicon carbide. The ceramic 
base may be one which causes occurrence of reaction by heating 
together with the active metal foil, and the above materials 
can be used. The above materials can constitute the ceramic 
base each alone or in combination of two or more. Therefore, 
by optional selection of the ceramic base comprising one of or 
combination of the above materials, composite members and 
devices comprising these composite members suitable for the 
uses such as requiring high heat resistance and high hardness 
can be provided. 

[0042] Moreover, in the present invention, it is preferred 

that the material of the metallic member is at least one selected 
from the group consisting of Ni, Co. FeandCr. or an alloy having, 
as main constituting element, at least one selected from the 
group consisting of Ni. Co. Fe and Cr. These metals or alloys 
are excellent in oxidation resistance in high temperature areas . 
These metals or components of the alloys do not dissolve in the 
form of solid solution into the Au solder material or Au-Ag alloy 
solder material used at the solid phase bonding in the method 
for making the composite member according to the present 
invention, and. hence, do not damage the low proof stress 
characteristics possessed by the solder materials . As a result . 
composite members excellent in thermal cycle characteristics 
and thermal shock characteristics can be provided. 
[00431 The alloy having, as main constituting elements, 

at least one selected from the group consisting of Ni. Co. Fe 
and Cr means that contents of the metals are such that physical 
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Characteristics o£ the netal cf Ni, Co. Fe or Cr are marKedly 
aeveioped and is an alloy having a content of Ni.Co.Fe.Cr of 

not less than 50 wt%. 

[00441 The shape^oftlie-»e*a±«:^^ 

5 on^hown iB^Fl^TTi^HM^ but various shapes such as columnar , 
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ruar^pillar. pyramid, ring and other shapes can be optionally 



"» loved. 

Furthermore, these metals or alloys are hardly 
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[0045] 

oxidized m an oxidation resistance test at SOOt; in the air. 
and have an oxidation resistance necessary for the use as 
metallic terminals for electrical supply of susceptors for 
disposing semiconductor wafers used in production of 
semiconductors and. besides, are excellent in electrical 
conductivity necessary for the use as metallic terminals. 
Therefore, these metals are preferred from the points that they 
can constitute the members for high temperature heaters and they 
are inexpensive and easily available. 

10046] in the composite member and the method for making 

it according to the present invention. It is preferred that the 
material of the active metal foil is at least one selected from 
the group consisting of Ti. Nb. Hf and Zr. Since the active 
metal toil comprising the above material once dissolves in the 
solder material to form solid solution and then forms a reaction 
product such as a nitride with the ceramic base, wettability 
of the ceramic base with the solder material is improved. 
Furthermore, by using a suitable amount of the above active 
metal in the form of a foil, almost all of it is consumed by 
the reaction at the interface , and substantially no active metal 
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used remains in the solder material. Accordingly, proof stress 
of the solder material can be kept low and thermal stress of 
the material to be bonded can be diminished by the relaxation 
effect due to the plastic deformation, and. besides, the trouble 
that the embedded Mo is exposed to the air can be solved. Thus . 
a bonding layer having reliability in airtightness can be formed, 
and composite members having long-term reliability can be 
provided . 

10047] The composite member comprising a ceramic base and 

a metallic member bonded according to the present invention can 
be suitably employed as a susceptor for disposing a 
semiconductor wafer in apparatuses for producing 
semiconductors utilizing its excellent thermal cycle 
Characteristics and thermal shock resistance, more 
specifically, as a composite member incorporated in devices 
which exhibit electrostatic chuck function and heater function 
by metallic electrodes or metallic heaters contained therein. 
[0048] Examples of the present invention will be explained 

below, but these examples should not be construed as limiting 
the invention. 

Example 1 

[0049] in an AIN base (200 rm4> in diameter X 20 mm in 

thickness) were embedded an Mo mesh (a wire mesh prepared by 
knitting Mo wires of 0.12 mm<f> in diameter at a density of 50 
wires per 1 inch) and an electrical conductor (a molded body 
obtained by molding MO powders of 1-100 um in particle diameter : 
3 mm * in diameter) which was electrically connected to the 
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MO mesh, and the portion of the AIN base in which the electrical 
conductor was embedded was bored, thereby exposing the 
electrical conductor. On the surface including this 
electrical conductor and the circumference thereof were 
disposed a Ti foil (5 IXm Ln thickness) and a pure Au solder' 
material ( 0 . 3 mm in thickness ) . followed by subjecting to a heat 
treatment at llOO'C for 10 minutes in a vacuum atmosphere to 
perform soldering onto the AIN base. An Ni terminal (5 mm(f) 
in diameter) was disposed on the bonding layer, followed by 
carrying out solid phase bonding by a pressing and heating 
treatment at 870t: for 30 minutes under a load of 1 kgf in a 
vacuum atmosphere, thereby bonding the Ni terminal to the solder 
material to prepare three samples (Sample Nos . 1-3) in total. 
A photograph of sectional structure of the composite member 
slowly cooled to about room temperature is shown in FIG. 8, and 
an enlarged photograph of sectional structure of the bonded part 
is shown in FIG . 9 . 

[0050] Moreover, three samples (Sample Nos. 4-6) in total 

were prepared in the same manner as above, except that the time 
for bonding the Ni terminal was 10 minutes. 

[0051] The composite members of the present invention made 

by the above method had no cracks in the AIN base as shown in 
FIG. 9. It is considered that this is because Ni and Ti did 
not dissolve in the pure Au solder material in the form of solid 
solution and the low proof stress characteristics of the pure 
Au solder material was maintained, whereby the stress generated 
due to the difference in thermal expansion coefficient of the 
pure Au solder material and the AIN base could be relaxed. 



m • 





Tensile strength of Sample Nos . 1-3 
s are shown in Table 1 • 




^ Sample 
no. 


Solde;i?drng 
coja<!ation 


Ni-terminal boding 
conditions 


Rupture 
load 
(kgf) 


Average 
rupture 
load 
(kgf) 


Temp. 


Time 
(min. ) 


Temp. 


Time 
(min. ) 




1100 


10 


870 


30 


97.5 


72 .5 
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1100 


10 


870 


30 


62.0 


/ 3 


11001 


10 


870 


30 


58.0 
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[0053] Sample Nos. 4-6 were subjected to a thermal^^-^r^cle 

test of ICQ cycles at 700°C, and, thereafter, ten^^tle strength 
thereof was measured. The results are sh9>m in Table 2. An 
enlarged ph6to^raph of sectional stru^^tlire of the bonded part 
after c^^r^ng out the thermal cycZe test is shown in FIG. 10 
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1100 / 
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870 
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61.7 
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1100 / 


10 


870 


30 


78.7 


77 .5 




1100/ 


10 


870 


30 


91.8 
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* Thermal cycle test conditions: 700^0 X lOO cycles 
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[0054] The tensile strength did not decrease even after 

the thermal cycle test, and, besides, no cracks occurred in the 
AIN base (FIG. 10). Thus, excellent characteristics of the 
composite members of the present invention were recognized. 
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Comparative Example 1 



[0055] 



In an AIN base (200 mm(i) in diameter X 20 mm in 



thickness) were embedded an Mo mesh (a wire mesh prepared by 
knitting Mo wires of 0.12 mmcf) in diameter at a density of 50 
wires per 1 inch) and an electrical conductor (a molded body 
obtained by molding Mo powders of 1-100 Mm in particle diameter: 
3 mm (t> in diameter) which was electrically connected to the 
Mo mesh, and the portion of the base in which the electrical 
conductor was embedded was bored, thereby exposing the 
electrical conductor. On the surface including this 
electrical conductor and the circumference thereof were 
disposed a Ti foil (5 /Zm in thickness), a Au-18Ni solder 
material (0.3 mm in thickness) and an Ni terminal (5 mm(f) in 
diameter) , followed by carrying out liquid phase bonding by the 
heat treatment at 1100X3 for 10 minutes in a vacuum atmosphere 
to bond the Ni terminal to the AIN base. An enlarged photograph 
of sectional structure of the bonded part of the composite 
member gradually cooled to about room temperature is shown in 
FIG. 11. 

[0056] The composite member prepared by the above method 

had cracks in the AIN base as shown in FIG, 11. It is considered 
that this is because the proof stress value of the Au-18 Ni solder 
material was higher than that of AIN, and, hence, the stress 
generated due to the difference in thermal expansion 
coefficient of the solder material and the AIN base could not 
be relaxed. 
Comparative Example 2 

[0057] In an AIN base (200 mm(f> in diameter X 20 mm in 
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thickness) were embedded an Mo mesh (a wire mesh prepared by 
knitting Mo wires of 0.12 nm<t> in diameter at a density of 50 
wires per 1 inch) and an electrical conductor (a molded body 
obtained by molding Mo powders of 1-100 lim ±n particle diameter : 
3 mm (f> in diameter) which was electrically connected to the 
Mo mesh, and the portion of the AIN base in which the electrical 
conductor was embedded was bored, thereby exposing the 
electrical conductor. On the surface including this 
electrical conductor and the circumference thereof were 
disposed a Ti foil (5 jUm in thickness ) , a pure Au solder material 
(0.3 mm in thickness) and an Ni terminal (5 mm</) in diameter) , 
followed by carrying out liquid phase bonding by a heat 
treatment at llOO'C for 10 minutes in a vacuum atmosphere to 
bond the Ni terminal onto the AIN base. An enlarged photograph 
of sectional structure around the bonded part of the composite 
member slowly cooled to about room temperature is shown in FIG. 
12. A part of the solder material layer after performing the 
bonding was taken and subjected to compositional analysis to 
find that it comprised Au-43.4 wt% Ni, and Ni dissolved in the 
pure Au solder material in the state of solid solution. 
[0058] The composite member prepared by the above method 

had cracks in the AIN base as shown in FIG. 12. It is considered 
that this is because Ti and Ni dissolved in the pure Au solder 
material to form solid solution, whereby the proof stress value 
of the pure Au solder material increased, and, thus, the stress 
generated due to the difference in thermal expansion 
coefficient of the pure Au solder material and the AIN base could 
not be relaxed . 
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Example 2 

[0059] In an AIN base (30 X 30 nun X 20 mm thick) were 

embedded an Mo mesh (a wire mesh prepared by knitting Mo wires 
of 0.12 nm<t> in diameter at a density of 50 wires per 1 inch) 
and an electrical conductor (a molded body obtained by molding 
Mo powders of 1-100 Mm in particle diameter: 3 mm (f> in diameter) 
which was electrically connected to the Mo mesh, and the portion 
of the AIN base in which the electrical conductor was embedded 
was bored, thereby exposing the electrical conductor. On the 
surface including this electrical conductor and the 
circumference thereof were disposed a Ti foil (5 Um in 
thickness) and a solder material (0.3 mm in thickness) having 
the composition as shown in Table 1, followed by subjecting to 
heat treatment at llOO'C for 10 minutes in a vacuum atmosphere 
to perform soldering onto the AIN base . An Ni terminal ( 5 mm 
(f) in diameter) was disposed on the solder layer, followed by 
subjecting to solid phase bonding by a pressing and heating 
treatment at 870°C for 10 minutes under a load of 1 kgf in a 
vacuum atmosphere, thereby bonding the Ni terminal to the 
bonding layer to prepare AIN base-Ni terminal composite members 
(Sample Nos. 7-18). 

[0060] The composite members of Samples No. 7-18 were 

slowly cooled to about room temperature, and they were cut 
perpendicular to the bonded face and the section was observed 
to examine whether cracks occurred or not in the AIN base. 
[0061] Furthermore, the composite members made in the 

above step were slowly cooled by keeping them for 100-1000 hours 
at 700^0, 750X^, 800^0, 850^0 and 900X^ in the air, and then they 
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were cut in the same manner as above, followed by observing to 
evaluate occurrence of cracks in the AIN base, hardness of the 
solder material in this case, and diffusion of the Ni component 
into the solder material by EDS and diffusion of oxygen and 
5 accumulation of oxygen at the bonding interface by EDS. The 
results are shown in Table 3. 

[0062] The hardness (HV) of the solder material is an 

average value of the hardness measured at the three points of 
the central portion in the thickness direction of the solder 
10 material layer having a thickness of 0. 3 mm. As to the Judgement 
on the inhibition of diffusion of Ni, when amount of Ni was not 
^ less than 3 wt% (by EDS) at the central portion in the thickness 

in 

direction of the solder material layer having a thickness of 
□ about 0.5 mm, this is shown by X, and when it was less than 

15 3 wt%, this is shown by O. As to the judgement on the inhibition 



a 



of cracking of the AIN base, observation by a light microscope 
(polarizing microscope) was conducted after cutting the bonded 
body, and when there were no cracks, this is shown by O, and 
when there were cracks, this is shown by X . As to the judgement 

20 on the inhibition of diffusion of oxygen, presence or absence 
of an oxidation layer formed by oxygen diffused through the 
solder material was examined at the interface layer between the 
AIN base and the solder material by a light microscope, and when 
the oxidation layer was not seen, this is shown by O, and when 

25 the oxidation layer was seen, this is shown by X. 

[0063] Furthermore, HV denotes the hardness of the solder 

material, Dif . Inhib. denotes Inhibition of diffusion of Ni, 
Crack Inhib. denotes Inhibition of cracking of AIN base, and 
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0-dif . Inhib. denotes Inhibition of diffusion of oxygen, 
respectively. 
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[0064] From the results of evaluation shown in Table 3. 

it was confirmed that with increase of the proportion of Ag added, 
dissolution of Ni into the Au-Ag solder material was effectively 
inhibited and simultaneously the hardness of the solder 
material was kept low and. as a result, breakage of the AIN base 
was inhibited. Furthermore, when the proportion of Ag was 
increased to more than necessary, diffusion of oxygen into the 
solder material became vigorous to cause defects at the bonded 
interface. 

[0065] The metallic texture and the texture of the ceramic 

material in the sectional structure of the composite member made 
by bonding with a solder material of Au-lOAg and slowly cooled 
to about room temperature are shown in an enlarged photograph 
of FIG. 13. and an enlarged photograph of the bonded part and 
the circumference thereof of FIG. 13 is shown in FIG. 14. 
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Excimple 3 

[0066] In an AIN base (200 mmd) in diameter X 20 mm in 

thickness) were embedded an Mo mesh (a wire mesh prepared by 
knitting Mo wires of 0.12 mm<f) in diameter at a density of 50 
wires per 1 inch) and a plurality of electrical conductors 
(molded bodies obtained by molding Mo powders of 1-100 Hm In 
particle diameter: 3 mm (J) in diameter) which were electrically 
connected to the Mo mesh, and the portion of the AIN base in 
which the electrical conductors were embedded was bored, 
thereby exposing the electrical conductors. On the surface 
including these electrical conductors and the circumference 
thereof were disposed a Ti foil (5 //m in thickness) and a solder 
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material (0.3 mm in thickness) having the composition as shown 
in Table 2, followed by subjecting to a heat treatment at llOOt: 
for 10 minutes in a vacuum atmosphere to perform soldering onto 
the AIN base. An Ni terminal (5 mm<f) in diameter) was disposed 
on the bonding layer, followed by subjecting to solid phase 
bonding by a pressing and heating treatment at BlOV, for 10 
minutes under a load of 1 kgf in a vacuum atmosphere, thereby 
bonding the Ni terminal to the bonding layer to prepare AIN 
base-Ni terminal composite members (Sample Nos. 19-25). 
[00671 Each sample was kept at SSOX: for 100 hour with 

passing an electric current of 20 A through the Ni terminal, 
and it was examined whether a migration phenomenon occurred or 
not. The results of evaluation are shown in Table 4. When 
occurrence of the migration phenomenon was inhibited, this is 
Shown by O, when it was not inhibited, this is shown by X and 
when it was not completely inhibited and occurred slightly, this 
is shown by A . 
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Sample No ■ 
Kind of 
soldering 
material 


19 
Au 


20 

Au - 11 

Ag 


21 

Au - 19 

Ag 


22 

Au - 43 

Ag 


23 
Au -58 

Ag 


24 

Au - 82 
Ag 


25 

Ag 


Inhibition of 
occurrence of 
migration 
phenomenon 


o 


o 


O 


O 


o 


A 


X 
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[00681 It was confirmed that the migration phenomenon 

occurred only when the proportion of Ag added to the Au solder 
material was high. 



Comparative Example 3 

[00691 in an AIN base (30 X 30 mm X 20 mm in thickness) 

were embedded an Mo mesh (a wire mesh prepared by knitting Mo 
wires of 0.12 mm<i) in diameter at a density of 50 wires per 1 
inch) and an electrical conductor (a molded body obtained by 
molding Mo powders of 1-100 Mm in particle diameter: 3 mmcf> 
in diameter) which was electrically connected to the Mo mesh, 
and the portion of the AIN base in which the electrical conductor 
was embedded was bored, thereby exposing the electrical 
conductors. On the surface including this electrical 
conductor and the circumference thereof were disposed a Ti foil 
(5 Mm in thickness) and an Au-lOAg solder material (0.3 mm in 
thickness) . followed by subjecting to a heat treatment at lioot: 
for 10 minutes in a vacuum atmosphere to perform soldering onto 
the AIN base. An Ni terminal (5 mmcj) in diameter) was disposed 
on the bonding layer, followed by subjecting to liquid phase 
bonding by a heat treatment at llOOt: for 10 minutes in a vacuum 
atmosphere , thereby bonding the Ni terminal to the bonding layer 
to prepare AIN base-Ni terminal composite member. The metallic 
texture and the texture of the ceramic material in the sectional 
structure of the composite member slowly cooled to about room 
temperature are shown in an enlarged photograph of FIG. 15, and 
an enlarged photograph of the bonded part of FIG. 15 is shown 
in FIG. 16. 



31 



[0070] The composite member made by the above method had 

cracks in the AIN base as shown in FIG. 16. It is considered 
that this is because since the bonding layer comprising the 
Au-lOAg solder material and the Ni terminal were bonded by 
liquid phase bonding. Ni dissolved into the bonding layer to 
form solid solution, thereby causing increase of the proof 
stress value of the Au-lOAg solder material than that of AIN, 
and. as a result, the stress generated by the difference in 
thermal expansion coefficient of the solder material and the 
AIN base could not be relaxed. Moreover, when hardness of the 
solder material was measured, increase of the hardness was 
recognized and, thus, increase of proof stress of the solder 
material was substantiated. 

[0071] When the results of Examples 2 and 3 are compared 

with those of Comparative Example 3 , it was confirmed that the 
method for making the composite members using the Au-Ag alloy 
solder material showed an effect to diminish the residual stress 
at the bonded part and the composite members made by the above 
method had excellent endurance against high temperature. 
[0072] As explained above, in the present invention, an 

Au or Au-Ag alloy solder material is used as the bonding layer, 
and the bonding layer and the metallic member are bonded by solid 
phase bonding. Therefore, the composite members of the present 
invention can be effectively inhibited from breakage of the 
member caused by residual stress at the time of bonding and, 
besides, are excellent in thermal cycle characteristics and 
thermal shock characteristics . 

[0073] Furthermore, in the case of using the Au-Ag alloy 
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solder material, Ag contained therein prevents diffusion of the 
metallic elements such as Ni used as the metallic member into 
the solder material, and thus the composite members have 
characteristics suitable as members used under high temperature 
conditions, particularly, members for susceptors for disposing 
semiconductor wafers. Moreover, even when the metallic 
members to be bonded comprise Co, Cr, Fe or alloys mainly 
composed of these metals, the effect to inhibit diffusion 
thereof due to the addition of Ag to Au can be expected as in 
the case of the metallic member comprising Ni evaluated in the 
above examples in view of phase diagrams of Ag-Ni, Ag-Co, Ag-Cr 
and the like. 

[0074] In addition, the method for making the composite 

member according to the present invention is an excellent method 
which can simply make the composite member having the 
above-mentioned characteristics through the given steps. 
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